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Abstract 
Salmonella is considered a major pathogen in Public Health. Córdoba is an 
important region for the production of pork. In this study we estimated the prevalence 
and risk factors associated with Salmonella at different stages of pig production chain 
(farms, slaughterhouses and pork sausages industries). The observed prevalence of 
farms in this study was higher than reported by EU. The main Risk Factors could be 
linked to the lack of good manufacturing practices in the whole pork chain in the region.  
 
Introduction 
Salmonella is considered a major pathogen in Public Health. Pork and its meat 
products were identified as an important source for salmonellosis in humans (Pires et 
al., 2011). Córdoba is an important region for the pork production chain in Argentina, 
representing 24% of the country's total pork production (INTA, 2015). Most of the pork 
meat is destined to pork products, with fresh pork sausage (here so called “chorizo”) 
being the main selling product. In Argentina, slaughterhouses and pork sausages 
industries are classified in different categories based on differences in hygienic-sanitary 
requirements (hereinafter referred to as National, Provincial and Municipal categories). 
A slaughterhouse or pork sausages industry with a National category are able to sale 
their meat products among the whole country, while those with Provincial or Municipal 
category can only sale their products inside their jurisdiction. That implies that different 
governmental authorities are the responsible for applying control and monitoring 
programs, resulting in diverse criteria for hygienic-sanitary standards. The aim of this 
study was to estimate the Salmonella prevalence and risk factors associated with the 
different stages of pork production chain, including farm, slaughterhouse and “chorizo” 
at retail markets. This is the first study among the whole pork production chain in 
Córdoba.  
 
Materials and methods 
This study was carried out from July of 2013 to June of 2017. 580 samples of pig 
mesenteric lymph nodes (MNL) from different farms were collected. Moreover, 300 
samples of environmental and carcasses swabs were obtained from 4 slaughterhouses (2 
National and 2 Provincial; in Córdoba there is not municipal slaughterhouses) and 655 
samples from sausages (“chorizo”) from different retailers were analyzed according to 
ISO 6579:2002 to estimate the prevalence of Salmonella spp.  
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For the assessment of the associated risk factors linked to Salmonella prevalence, 
an epidemiological questionnaire was carried out in farms. For this purpose, a hygienic-
sanitary checklist for slaughterhouses and pork sausages industries were used. All data 
were corrected and categorical variables were created for farm questionnaires and 
checklist. SPSS was used for data analysis, crosstabs analysis was chosen for Risk 
Factors estimations. 
 
Results 
The observed prevalence of Salmonella at different stages of pork production 
chain in Córdoba is shown in Table 1.  
Two variables related to pre-slaughter practices were associated with infection of 
Salmonella at farms: distance from farm to slaughterhouses (p<0.01) and lairage time in 
pens (p<0.01). Moreover, slaughterhouses with "Provincial" category and sausages 
factories with Provincial and Municipal categories were also associated with higher 
prevalence of Salmonella (p=0.02, p=0.02 and p<0.01 respectively) (Table 2). 
 
Table 1. Salmonella prevalence among the pork production chain in the region. 
Stage Prevalence (%) 95%CI 
Farms 41.55 37.54-45.56 
Slaughterhouse 23.70 17.36-30.04 
Pork Sausage (“chorizo”) 22.50 19.16-25.84 
 
 
Table 2. Main Risk Factors associated with Salmonella prevalence at different stages on pork production 
chain. 
Stage Variable OR 95%CI p 
Farm 
Distance from 
farm to slaughterhouse   
 
< 120 km 1 
 
 
> 120 km 5.93 3.35-10.5 0.01 
Lairage 
  
 
< 12 horas 1 
 
 
> 12 horas 2,24 1.36-3.68 <0.01 
Slaughterhouse 
Category 
  
 
National 1 
 
 
Provincial 1.87 1.04-4.16 0.02 
Pork Sausage 
(Chorizo) 
Category 
  
 
National 1 
 
 
Provincial 3.06 1.74-5.44 0.02 
Municipal 3.22 1.84-5.76 <0.01 
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Discussion 
There are few studies reporting Salmonella prevalence in our country, so the 
importance of this pathogen in the region is not well established. The observed 
prevalence in Córdoba would be comparable to a similar study carried out in other 
provinces of Argentina (44.1%) in which 193 MLN samples were analyzed (Ibar et al., 
2009). Furthermore, in another study, a Salmonella cluster was detected in pig farms 
located in the southern region of Córdoba (Parada et al., 2017). This epidemiological 
study shows that the prevalence of Salmonella is closely related to several factors, 
mainly associated with inadequate pre-slaughter practices at the slaughterhouse and 
with biosafety practices at the farms. Moreover, other risk factors associated with farms 
like the absence of rodent control, and low frequency of silo cleaning was significantly 
related to deficiencies in good manufacturing practices on farms (Sánchez I., 2016). 
To our knowledge, there are no official reported data about the prevalence of 
Salmonella at slaughterhouses or pork products at retail markets in the country, so this 
may be the first epidemiological study among the whole pork production chain in the 
region. When our results were compared with studies from other countries, the 
Salmonella prevalence at slaughterhouses was similar that observed in Vietnam (22%) 
but higher than reported in Naples (15.9%), Parma (10.9%) and Rio de Janeiro (10.5%) 
(Yokomo et al., 2016; Piras et al., 2014; Bonardi et al., 2013; Cabral et al., 2016). The 
Salmonella prevalence in pork sausage (“chorizo”) at retail markets was consistent to 
other study in Brazil, with a similar pork production chain (26%) (Cabral et al., 2014). 
Slaughterhouses and pork industries included in the “Provincial” category had 
higher risk of isolate Salmonella positive samples (OR=1.87 [95%IC=1.04-4.16] and 
OR=3.06 [95%IC=1.16-15.40] respectively). The provincial category may be related 
with the lack of adequate sanitary standards, less official controls and inadequate 
microbiological controls compared to those with national category. Other factors in this 
study, like the absence of microbiological monitoring for Salmonella or the inefficient 
implementation of plague control at Provincial slaughterhouses seems to be linked with 
the higher prevalence observed.  
These results highlighted the need to improve the hygienic-sanitary requirements 
through the whole pork production chain in Córdoba, Argentina, to reduce Salmonella 
risk to Public Health. 
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